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Decrease in the frequency of arginine and increase in lysine are the trends that have Temperature is a strong selective force that shapes the structure and function of 57 microorganisms (7). Thriving in cold environments requires cold-adapted bacteria to 58 synthesize enzymes that perform effectively at low temperatures, one of the major 59 strategies is the modification to enzymes (8-10). Cold-adapted enzymes possess 60 generally a number of amino acid changes that impart higher degree of structural 61 flexibility (fewer salt bridges by reduce arginine and proline contents) and higher 62 specific activity (more local mobility by increase asparagine, methionine and glycine 63 contents) at low temperatures than their mesophilic counterparts (11). The increased 64 low temperature activity of enzymes via change in amino acid composition was validated by analysis the structural, kinetic and microcalorimetric of cold adapted 66 enzymes, e.g. aminopeptidase, β-lactamases, and dienelactone hydrolase (GaDlh)
67
(12-14).
69
Comparative genomic analyses to examine differences in amino acid composition 70 toward cold adaptation came through the study of two methanogenic Archaea,
71
Methanogenium frigidum and Methanococcoides burtonii from Ace Lake, Antarctica an ambiguous correlation between the number of Csp genes and cold tolerance (9, 29).
90
It remains unknown why these genomic shifts toward cold adaptations are not 91 common features that shared by strains isolated across the alpine and polar regions.
93
In the present study, we aimed to verify whether there are genomic features that could 94 be conclusively identified by investigating the genomic patterns of Arthrobacter spp.
95
that are isolated from permanently cold environments. These strains share close last 96 common ancestry, and therefore differences observed between cold derived genomes 97 and the reference genomes are more likely to be the result of cold adaptation (22, 30).
98
Furthermore, we also investigated whether changes in the amino acid composition 99 towards cold adaptation can promote growth at low temperatures.
101
Materials and Methods
102
Sixteen Arthrobacter strains were isolated from the Tibetan Plateau (TP) using R2A 103 medium at 4 °C, (Supplementary Table S1 Table S1 ). One-way analysis of variance (ANOVA) was used to examine the differences in 151 amino acids composition. Statistical significance was considered at α ≤ 0.05. Adobe Illustrator CS6 and iTOL v3 (48).
182
Ordinations and statistical analyses were performed using the vegan package v2. comprised 7 strains isolated from cold environments in lineage 3 (Fig. 1a) . We 229 detected a decrease in the frequency of arginine and an increase in lysine, which 230 occurred exclusively to the genomes of strains belonging to group C (Fig. 1b) . The air of arginine and lysine is closely related with survival strategies of psychrophiles (11).
257
Then, we calculated the composition of the twenty common amino acids in whole
258
proteins to determine the differences in their frequencies between the three groups (A,
259
B and C). For group C, significant changes in twenty amino acids were apparent
260
(ANOVA, P < 0.005, F = 4.1491, Fig. 3a) . Of the amino acids that increased in group 261 C, one is positively charged (lysine) and seven are uncharged (tryptophan, threonine, 262 serine, asparagine, methionine, isoleucine and phenylalanine) (Fig. 3a) . Of the amino acids that decreased in group C, three are charged (arginine, glutamic acid and 264 aspartic acid), and three are uncharged (proline, glycine and alanine) (Fig. 3a) . By group A and B were not clearly separated (Fig. 4a) . The PERMANOVA analysis with 282 1000 permutations (58) showed significant difference between strains of group A and
283
C at a functional level ( Fig. 4a, P analyses showed that cspA and cspC genes of strains in group C were monophyletic,
306
while cold shock proteins (Csps) from group B were polyphyletic, interleaving with group A (Fig. 4c) . (Fig. 5c ).
336
Discussion
337
In the current study, we found that not all Arthrobacter strains isolated from polar and 338 alpine regions exhibited significant detectable changes in the genome composition.
339
Although changes in amino acid composition towards cold adaptation can be widely 340 identified in psychrophilic strains (9, 11), strains in our group B which were isolated 341 from cold environments and able to grow at 5 °C, exhibited no significance in 342 changes in amino acid composition. This has also been the case of Antarctic
343
Arthrobacter isolates, for example, strains Arthrobacter sp. FB24, Arthrobacter sp.
344
Br18 and Arthrobacter sp. H5 were not located in lineage 3 in Fig. 1a , in which no 345 remarkable genomic features were identified (24). Thus, in certain cases, amino acid 346 shifts are limited and even no changes in amino acid composition can be identified, 347 despite the strains were able to grow at low temperatures. However, the trends in 
